1. Introduction {#s0005}
===============

Dental aesthetics has always been and continue to be a primary concern for most individuals. Maxillary anterior teeth play a vital role as they are not only important to dental aesthetics, but have a major contribution as well to overall facial aesthetics and appearance ([@b0160], [@b0165]). Arrangement, size and shape of maxillary anterior teeth were found to be the most influential factors that contribute to a harmonious and balanced anterior dentition, especially maxillary central incisors when viewed from the front ([@b0035], [@b0205], [@b0270], [@b0135]). In 1973, Lombardi introduced the Golden Proportion (GP) concept in an attempt to achieve balance between the dentition and the facial profile. Dental and facial aesthetics were hence claimed to be optimized if proportion between widths of maxillary anterior teeth is repeated when the individual is viewed from the front ([@b0120]). In the proposed GP (1/1.618 = 0.618), the visible (perceived) width of the canine is 62% (0.618) of the lateral incisor and the visible width of the lateral incisor is 62% (0.618) of the central incisor ([@b0250]).

The GP has been investigated and mentioned extensively in the dental literature ([@b0110], [@b0185], [@b0190], [@b0250], [@b0220], [@b0270], [@b0075], [@b0125], [@b0245], [@b0065], [@b0015], [@b0145], [@b0175], [@b0150], [@b0045], [@b0180], [@b0140], [@b0230], [@b0055], [@b0010], [@b0040], [@b0235], [@b0080], [@b0030], [@b0085], [@b0095], [@b0165], [@b0005]). It has been considered by many researchers as the most harmonious recurrent tooth-to-tooth ratio that occurs more consistently in aesthetically pleasing smiles ([@b0195], [@b0110], [@b0270], [@b0135]) and has long been proposed as an aesthetic guideline for restoring and replacing maxillary anterior teeth ([@b0200], [@b0225], [@b0115]). However, other studies revealed that many beautiful smiles did not show proportions coinciding with the GP ([@b0190], [@b0220], [@b0125], [@b0230], [@b0040], [@b0095]). In fact, [@b0185]) reported that natural tooth ratios seldom follow the GP. A different concept, known as the "recurring aesthetic dental proportion" (RED) has also been introduced by [@b0270]). According to his concept, clinicians can use a proportion of their own choice, as long as that it remains consistent, proceeding distally in the arch. The author reported that this proportion offers great flexibility to match tooth with facial proportions ([@b0270]). Despite that majority of North American dentists preferred smiles created using the RED proportion principle ([@b0275]), yet still others reported that the RED proportion was unsuitable in relating the successive width of maxillary anterior teeth in natural dentition ([@b0015], [@b0145]).

It is worth mentioning, that tooth size and morphology varies from one population to the other. Published data has in fact shown differences, not only between, but within ethnic groups as well ([@b0105], [@b0090], [@b0260], [@b0050]). Early on, [@b0020]) emphasized that clinicians should essentially consider minor differences in dental traits among population types as such variations may possibly influence the prosthodontic restoration of an aesthetic smile.

The width and/or length ratios of maxillary anterior teeth has been studied universally for different populations and ethnicities including Kenyan and British ([@b0265]), Caucasian ([@b0255], [@b0220]), Turkish ([@b0065]), Jordanian ([@b0015]), Asian ([@b0130], [@b0260]), Indian ([@b0045], [@b0140]), Hungarian ([@b0055]), Portugese ([@b0040]), Korean ([@b0080]), and Iraqi ([@b0005]) populations. [@b0050]) investigated mesiodistal tooth widths in Caucasian, African and Japanese individuals. [@b0165]) investigated the relationship between mesiodistal dimensions of maxillary anterior teeth and specific facial dimensions in Asian, African-American, and white ethnicities. Earlier, [@b0025]) compared mesiodistal and buccolingual crown dimensions of permanent teeth in three populations from Egypt, Mexico and the United States. To the best of the authors' knowledge, only one article investigated maxillary anterior teeth widths and their relation to the GP in the southwestern part of Saudi Arabia ([@b0085]).

Hence, the aim of the current study was to investigate the occurrence and prevalence of the GP between the perceived widths of maxillary anterior teeth in a general Saudi population with natural smiles and with no representatives to a specific region. The null hypothesis was that there would be no differences between the proportions of maxillary anterior teeth of Saudi individuals and the GP values.

2. Materials and methods {#s0010}
========================

This study protocol was accepted and attained an ethical approval (No.040-15) from the Institutional Ethical Committee. Dental student volunteers were solicited by emails, verbal and written announcements to participate in the study. A total of 360 Saudi dental students (180 males and 180 females) who met the inclusion criteria participated after signing a written informed consent. Participants' age ranged from 18 to 23 years with a mean age of 21.4 years. The study was conducted on the same age group to eliminate the influence of age on tooth dimensions. Participants were from all around the country with no representatives to a specific region and were chosen according to the following inclusion criteria: (1) presence of all anterior (maxillary and mandibular) teeth with no interdental spacing, diastemas or crowding; (2) anterior teeth are not carious, rotated, intruded, or extruded; (3) absence of any periodontal or gingival conditions (hyperplasia, recession or inflammation) that may affect a healthy tooth-to-tissue relationship; and (4) no history of anterior teeth size alteration by restorations, orthodontic treatment or maxillofacial surgery. Volunteers who had any of the following criteria were excluded: (1) evidence of dental irregularities or any gingival alteration; (2) apparent loss of tooth structure due to caries, fracture or attrition; (3) microdontia or any other dental anomalies. The current study considered randomly selected natural smiles; hence participants were not pre-evaluated for the presence or absence of an "aesthetic" smile.

A frontal photograph was captured for each participant while in maximum smiling position to expose all maxillary teeth. Photographic conditions were standardized for all participants and all photographs were taken by the same investigator. Participants were seated comfortably in a dental chair with the head upright, supported by the headrest. Head position was adjusted so that the occlusal plane of the maxillary teeth was parallel to the floor and the head aligned with the center of the camera lens. All photographs were taken under a standard light source with a constant focal distance of 60 cm using the same digital camera (Canon 1200 D; Canon Inc) with a 100-mm macro lens. Camera settings were as follows: 1/125 shutter speed, f/5.6 aperture, ISO 200 sensitivity.

All photos were then transferred to a personal computer (HP Pavilion; Hewlett-Packard) and opened using photo-editing software (Adobe Photoshop CS 6; Adobe Systems Inc). To minimize measurement errors, all measurements were performed by the same individual and image size was standardized for all photos so as to be 90 mm in width and 45 in height. Using the measuring tool of the imaging software (Adobe Photoshop CS 6; Adobe Systems Inc), the perceived mesiodistal width (the widest distance between the mesial and distal contact points of the tooth as viewed from the front) of each anterior maxillary tooth was measured in mm **(**[Fig. 1](#f0005){ref-type="fig"}**)**. Each measurement was made 3 times by the same operator, and their average was calculated. Mean values for all six maxillary anterior teeth were then tabulated.Fig. 1Perceived mesiodistal widths of maxillary teeth measured using imaging software (red arrow: magnification of one of the measurements).

Data was statistically analyzed using SPSS software (SPSS 20.0; IBM Inc.) and presented as minimum values, maximum values, means and standard deviations. Data distribution was tested for normality with the Kolmigorov-Smirnov test and found to be normally distributed. A paired *t*-test was conducted to detect any side differences (right versus left) in each gender. A student *t* test was performed to determine if there were any gender (males versus females) differences in the perceived widths of each tooth group for both sides. The perceived widths of the central incisors and canines were divided by the perceived width of the lateral incisors; the calculated ratio values were then compared with the anticipated golden ratio values of the related teeth ([@b0065]) using a one sample *t* test. For all statistical evaluations, the level of significance was established as alpha = 0.05.

3. Results {#s0015}
==========

There were significant differences between genders for the right and left central incisors only. However statistical analysis revealed insignificant differences between right and left sides within each gender for all tooth groups ([Fig. 2](#f0010){ref-type="fig"}). So for each tooth group, data for the right and left sides were grouped together for further analysis. The means and standard deviations for the combined perceived widths of the maxillary central incisors (CI), lateral incisors (LI), and canines (CA) for both genders are displayed in [Table 1](#t0005){ref-type="table"}. The mean perceived width was always greater in the males than in the females for all tooth groups. However statistical analysis revealed significant differences between the genders for the central incisors only.Fig. 2Perceived mesiodistal widths of all tooth groups by gender and side (\*p \< 0.05).Table 1Mean perceived width (mm) of maxillary anterior teeth by gender (n = 180).ToothGenderMeanSD95% CIpLowerUpperCentral incisorFemale9.010.66−0.3706−0.0920\<0.001[\*\*](#tblfn1){ref-type="table-fn"}Male9.240.59  Lateral incisorFemale6.020.64−0.22670.09490.145Male6.090.66  CanineFemale3.630.49−0.15540.02740.121Male3.690.59[^1]

The calculated mean ratios for the perceived widths of the maxillary central incisors and the canines in reference to that of the lateral incisors as compared to their ideal golden ratios (1.618 and 0.618 respectively) are shown in [Fig. 3](#f0015){ref-type="fig"}. The CI:LI ratio was 1.53 for the males and 1.51 for the females, while the CA:LI ratio was 0.6 for both males and females. For both genders, there were highly significant differences between the calculated ratios and the golden ratios. Hence, results revealed narrower central incisors and narrower canines compared to golden ratio measurements.Fig. 3Comparison of calculated ratios (perceived width) of central incisors (CI) and canines (CA) to lateral incisors (LI), with anticipated golden ratio for central incisor (1.618) and canine (0.618) teeth by gender (\*\*p \< 0.001).

4. Discussion {#s0020}
=============

Results of the current study rejected the null hypothesis as there were highly significant differences between the calculated ratios and the golden ratios for both genders.

In the current study, frontal photographs were acquired by a digital camera and directly analyzed using a computer program. This method offers several advantages that collectively improve the accuracy of measurements. They include simplicity, feasibility of repeated measurements, and the possibility to magnify the photographs using the computer program ([@b0080]).

In general, the study results suggest low prevalence of the GP among the Saudi participants. The GP between CI and LI was found only in 9 (5.0%) males and 15 (8.3%) females. Similarly, GP between LI and CA was found in 10 (5.5%) males and 26 (14.5%) females only. Nearly similar results were found in other studies including individuals with different nationalities but with nearly the same age group as in the current study. [@b0015]) reported that in a Jordanian population, the GP between CI and LI existed in 31% of the males and 27.1% of the females. While that between LI and CA existed in 13.1% of the males and 11.8% of the females. [@b0125]) found it in 34.1% between the CI and LI and in \< 10% between LI and CA in Iranians. [@b0185]) reported 17% existence of the GP between CI and LI and 0% existence between LI and CA. [@b0145]), found the GP in only 14 (25%) out of 56 Indian dental students. Further comparable findings were reported for Malasian ([@b0010]), Turkish ([@b0065]), Caucasian ([@b0175]), Hungarian ([@b0055]), Kurdish and Arabic ([@b0005]) populations.

In the current study, an aesthetically appealing smile was not one of the inclusion criteria in selecting the participants. To suggest that this factor could have been a major contributor to the low prevalence of the GP in this study may not be completely fair for two reasons. First, despite all participants were considered to have just a natural smile, none of them was aesthetically unpleasant as perceived by the authors and three other Prosthodontic professors. Second, other researchers have contended that the GP is more of a theoretical concept that does not essentially exist in natural dentitions ([@b0125], [@b0015], [@b0145], [@b0010], [@b0235], [@b0275], [@b0170]) and may not even be necessary for the perceived attractiveness of a smile ([@b0220], [@b0275], [@b0150], [@b0180]). In their study, [@b0125]) concluded that the GP was not even a common factor in aesthetic smiles. Actually, earlier studies reported that the GP can only be applied for the anterior teeth within narrow limits ([@b0120]) since it tends to result in narrower maxillary CIs and narrower Cs than normal ([@b0120], [@b0185], [@b0255]).

Previously published study conducted on southwestern Saudis by [@b0085]), found that GP existed between CI-LI in the females and between CA-LI in the males. This contradicts with our results, mainly due to the differences in the measurement method, smaller sample size, and they included participants with "aesthetic" smiles not just natural smiles. In addition their results represented Saudi individuals from a specific region. It's worth mentioning however that their CA:LI ratio for the males (0.6) was exactly the same as that reported in the current study for both males and females.

In the current study, the average calculated ratios for males and females together were 1.52:1:0.60. Apparently, Saudi individuals have narrower central incisors and canines when compared to the golden ratios (1.618:1:0.618). When compared to other Arab populations such as Iraqis, it was found that the average calculated ratios for the Kurdish group was 1.62:1:0.69 and for the Arab group was 1.59:1:0.73. It seems that the Saudi CI:LI ratios are closer to the Iraqi population of an Arabic origin and the Saudi CA:LI ratios are closer to the Iraqi Kurdish populations. Saudi individuals seem to have narrower centrals than their Kurdish equivalents and narrower canines than their Iraqi equivalents of an Arabic origin. When compared to other Asian populations, similar observations were found in Turkish ([@b0065]) individuals for the central incisors. Calculated CI/LI ratios were 1.516 (males) and 1.544 (females) for the Turkish population indicating narrower centrals compared to the GP as well. However, Turkish individuals seemed to have wider canines compared to the Saudi population as their calculated CA/LI ratios were 0.803 (males) and 0.778 (females). The mean perceived widths for the maxillary CI, LI and CA in the Turkish population were 8.8 mm, 5.8 mm, 4.6 mm respectively. In this study, they were 9.1 mm, 6.06 mm, and 3.66 mm (average for males and females together) indicating that Saudis have wider centrals and laterals but narrower canines compared to their Turkish equivalents. It seems that maxillary arches in Saudi individuals are wide anteriorly then tend to be more curved posteriorly, hence when observed from the frontal view, the widths of the centrals and laterals appear wider and canines appear narrower. Such observation emphasize the rationale that not only tooth size and morphology differ from one population to the other, but also arch morphology plays a role.

Further in depth analysis of the results revealed the following findings. First, for both genders, there were no arch side differences, indicating that tooth proportions were symmetrical on both sides of the maxillary arch. Such finding confirm the suggestion that restoring symmetry is critically essential and may be even more important than establishing GP, when planning for prosthodontic treatment especially in the aesthetic zone ([@b0005]). Secondly, Saudi males had wider perceived maxillary anterior teeth width than females for all teeth groups. It is noteworthy however that these gender differences were significant for the central incisors only. This may explain why the CI/LI ratio was higher and relatively closer to the GP in the males than in the females.

Collectively, our results suggest that the GP does not always necessarily exist in natural smiles and that what is believed to be aesthetically pleasing parameters may vary from one population to another. The Golden Proportion or any other specific proportion should not just be blindly applied during anterior prosthodontic restorations as it may on the contrary lead to unaesthetic results in some individuals. Anterior dental aesthetics should be restored with unique and reasonable proportions based on individual cultural characteristics and actual local measurements rather than following a general rule ([@b0055]). The same conclusion was reported by [@b0215]) who cited that "different cultures and ethnicities show varied proportions as well as preferences". Results of several researches confirm this conclusion. For example, In a North American population, CI/LI and CA/LI were found to be 66% and 84% respectively ([@b0185]). In a Nepalese Population, a proportion of 66% for CI/LI and 70% for CA/LI were reported and considered to constitute the Nepalese Esthetic Dental (NED) proportion. The authors even proposed the NED proportion as a guideline for dental treatment in the maxillary anterior region in Nepalese populations ([@b0210]). Results of the current study show that 66% for CI/LI and 60% for CA/LI could be considered as aesthetically acceptable proportions in the Saudi population represented. Furthermore the results revealed that symmetrical side proportions and gender differences in the dimensions of maxillary anterior teeth seem to be critical factors that should be considered when restoring maxillary anterior teeth in Saudi individuals.

One of the limitations of the current study is the potential minor positional variations that may occur during photography and image acquisition. Furthermore, additional research on a greater sample size selected more systematically including various ages is necessary before extrapolating and generalizing the results to the Saudi population.

5. Conclusions {#s0025}
==============

Within the limitations of the present study, the following conclusions were drawn:•Mesiodistal width ratios of the maxillary anterior teeth did not follow the Golden Proportion for the examined Saudi population, with the relative ratios for the central incisors and canines being smaller than those specified in the Golden Proportion.•Males had wider perceived widths of maxillary anterior teeth than females, with only the central incisors exhibiting a significant gender-based difference.•For both genders, there was no side-dependent variation of the perceived widths of the maxillary anterior teeth.

6. Clinical significance {#s0030}
========================

This article suggests that the Golden Proportion does not necessarily exist in natural smiles and cannot be generalized and applied for all populations. Symmetrical side proportions and gender differences in the dimensions of maxillary anterior teeth are more critical factors when restoring or replacing maxillary anterior teeth in Saudi individuals.
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[^1]: Highly significant at p ≤ 0.001.
